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LIFT, DRAG, AND STATIC LONGITUDINAL STABILITY 
CHARACTERISTICS OF FOUR AIRPLANE-LIKE 
CONFIGUEATIONS AT MACH NUMBERS 
FROM 3.00 TO 6.28 

By Stanford E. Nelce, THomaB J. Vong, 
and Charles A. Hennach 


SUMMARY 


Lift, drag, and pitching-moment coefficients, lift -drag ratios, and 
center-of -pressure positions for four adrplane-like configurations were 
determined from tests at Mach numbers from 3.00 to 6.28 and angles of 
attack up to 15°. One basic configuration consisted of trapezoidal-wing 
and -tail surfaces mounted on a cylindrical afterbody with a flneness- 
ratio-3 tangent -pgi-ve nose. The second basic configuration, designed to 
have lower drag and higher lift -drag ratios, consisted of triangular - 
wing and -tall surfaces, which have the same spans and plan- form areas 
as the trapezoidal -wing model, but with more highly swept leading edges, 
mounted on a cylindrical afterbody with a fineness -ratio -5 ’'minimum- drag 
nose. The third configuration was the trapezoidal-wing model modified 
to have a fineness -ratio -5 minimum-drag nose. The fourth configuration 
was the triangular -wing model with the minimum-drag nose modified to 
include a nose radius one-tenth of the afterbody radius. Wing and tail 
sections of all four configurations had rounded leading edges to reduce 
the effect of local aerodynamic heating. 

Throughout the range of test Mach n-umbers, the maximum lift-drag 
ratios of the basic triangular-wing configuration were about 18 to 24 
percent higher than those of the basic trapezoidal-wing model. About 7~ 
to 11 -percent increase in maudmum lift-drag ratio was obtained by replac 
Ing the flneness-ratio-3 ogival nose of the basic trapezoidal-wing model 
with the fineness-ratio-5 minimum-drag nose. Increasing the nose blunt- 
ness of the triangular-wing model resulted in a decrease of about 5 
percent or less in the maximum lift-drag ratio. The greatest decrease 
occurred at the highest test Mach EQ 
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INTROrocnOH 


An airplane -like configuration, ■which, consis’bed of trapezoidal-wing 
and -tail surfaces mo-unted on a cylindrical af-terbody with a fineness - 
ratio-3 ogi-ml nose (refs. 1 and 2), has been Investigated as a s'Uitable 
vehicle for fli^t a-t high supersonic si^eds. Rotinded -wing and tail 
leading edges were incor^rated in this configuration as being desirable 
for high-speed operation f^m' the s-bandpoiht of keeping the leading -edge 
tempera-fcures -within feasible limits. results showed that this con- 

figuration had maximum lift-drag ratios of 2,6k and 2.36 at Mach numbers 
of 4.06 and 6.86, respectl-vely . 

It appears that the drag of this co,nfiguration co'uld be reduced, 

■with consequent improvement of -the maximum lift-drag ratios, by using a 
minimum-drag nose of higher fineness ratio and by using -wing and tail 
surfaces -with more hi^ly swept leading edges .' " JT’triangular-'wlng model 
■which incorporated these changes, and a trapezoidal--wing model, similar 
in plan form -to that used in -the tests repor-ted in references 1 and 2 , 
were tested in the Ames 10- by l4-inch -wind tunnel to determine their 
comparative aerodynamic charac-beristics at Mach numbers from 3*00 -to 6.28 
and angles of at-back up to 15^. Tests were also conducted on "the 
trapezoidal -wing model -with the minimum-drag nose (fineness ratio 5) "to 
de-termine the drag reduction a-t-fcfibu-ted -to the nose modification. Since 
the nose of the body sho-uld be rounded to alle'via-te the local aerodynamic 
heating problem, the triangular -wing model was eiIbo -bested with -the 
minimum-drag nose blunted to a radius consis-tent -with the blunting of 
the -wing and tail leading edges . 


NOTATION 

Cj) drag coefficient, ^ 

qS 

Ct lift coefficient, — 

qS 

Cju pitching-moment coefficient about wing centroid of area, 

c mean aerodynamic chord of 'wing including portion submerged in 

fuselage 

D drag 

f .fineness ratio, ratio of body length to maximum diameter 

L lift 

M free- stream Mach number 
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m 

q 

s 

X 

a 



pitching moment 
free-stream dynamic pressure 

"Wing plan-foim area.. Including area sutnnerged in fuselage 
center-of-pressTore location, percent hody length from nose 
angle of attack 


APPARATUS AKD TESTS 

The models were tested in the Ames 10- hy l4-inch wind tunnel which 
is described in detail in reference 3* Aerodynamic forces and moments 
acting on the models were measured hy a three-component strain-gage bal- 
ance. Angles of attack up to 5 were obtained by ratating the model- 
balance assembly. Angles of attack greater than 5 were obtained by the 
use of bent-sting model supports. Axial forces acting on the model base, 
as determined by the difference between measured base pressures and free- 
stream static pressures, were subtracted from measured total forces. 

Thus , the data presented do not include the effects of base pressure . 

Models used in the Investigation were constructed of steel, with 
the tail surfaces permanently pinned to the cylindrical afterbody while 
the wings and nose sections were roaovable. Figure 1 shows the trapezoidal- 
wing model which is similar to that used in the tests reported in refer- 
ences 1 and 2, but with the following changes: (a) the four wedge-shaped 

tall sirrfaces have been replaced by three tall surfaces with the airfoil 
section shown in figure 1; and (b) the configuration has been changed 
from a mid-wing type to tiie low-wing type shown. The modification of this 
model in which the fineness -ratio-3 ogival nose is replaced by a flneness- 
ratlo-5 minimum-drag nose is shown by the dashed lines on this figure. 

The ordinates for the minimum- drag nose (minimum drag for given length 
and volume, as determined from ref. 4) are given in table I. Figure 2 
shows the triangular -wing model which has the same wing and tail surface 
areas as the trapezoidal-wing model, but has more highly swept leading 
edges as well as the flneness-ratlo-5 minimum-drag nose. The modification 
to this model, as shown in tills figure, consiated of shortening the 
fineness-ratio-5 minimum-drag nose to include a nose radius of l/lO the 
nm.yiTmvn body radius. It has been indicated (ref, 5) that a sizable reduc- 
tion in local heat -transfer rate can he achieved by sweeping the round 
leading edge of a wing or tail. In an attempt to obtain similar conditions 
of local heat input, therefore, the leading-edge radii of the triangular 
wing and tail have been reduced from those of the trapezoida.1 wing and 
tail as shown in figures 1 and 2. 

Lift, drag, and pitching-moment coefficients as well as lift-drag 
ratios and center-of -pressure positions were determined for all models 
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at angles of attack to atout 15° at Mach mjmbera of 3 . 00, 4.26, 5-04, 
and 6 . 28 . The free-stream Reynolds numbers based on the lengths of the 
models were: 


Mach number 


Reynolds nomber 

million 

Basic trapezoidal- 
ving model 


All other 
models 


3.00 

4.26 

5.04 

6.28 


7.5 

9.1 

6.9 

8.3 

3.3 

4.0 

1.4 

l.T 


In the region of the test section where the models were located, the 
variation in Mach number did not exceedT £0';02 at Mach nximberB from 3 . 00 
to 5.04 and ±0.04 at Mach number 6,28. Deviations in free-stream Reynolds 
numbers did not exceed +100,000 from the values given. Estimated errors 
in the angle of attacids: due to uncertainties in corrections for stream 
angle and for deflection of the model- support ~sy sit ^ were ± 0 . 2 °. 

Precision of the experimental, results was affected by iincertainties 
in the force measurements by the balance system and the determination of 
free-stream dynamic pressures and base pressures. These \mcertalnties 
result in maximum possible errors in the aerodynamic force and moment 
coefficients as shown in the following table: 


Mach n’umber 

Cd 

Cl 


3.00 

±0.003 

±0.002 

±0.005 

4.26 

±.003 

±.002 

±.005 

5.04 

±.oo 4 

±.003 

±.008 

6.28 

±.006 

±.005 

±.015 


Accuracy of lift-drag ratios and centers of pressure will depend not only 
■upon the accuracy of the force and moment coefficients but will, in gen- 
eral, be inversely proportional to the magnitude of these q-uantities. As 
such, the errors in the lift-drag ratios and centers of pressure will be 
comparatively large near zero angle of” attack and will decrease as the 
angle of attack is increased. 





MCA EM 




5 


RESULTS AND DISCUSSION 


Results of the tests on the four airplane-like configurations are 
presented in table H, -where lift, drag, and pi-fcching -moment coefficients, 
cen-ters of pressure, and lift-drag ratios at various angles of at-tack are 
tabulated for the several test Ifech numbers. In order -fco sho-w the more 
important trends and comparisons of these aerodynamic parameters, certain 
da-ta are also presen-fced in graphical foim. The -variations of lift -with 
angle of at-tack of the four models -were found -to he essentially the same 
at each "best Mach numher as may he seen in the -tahula-ted "test results . 
Hiis similarity in lift characteristics is sho-wn for -the two basic models 
in figure 3, It can be shown from this figure that -the initial lift- 
cu^e sl ope (dCi,/da for a = O) is almost inversely proportional -to 
Vm^ - 1 , -varying from a -value of about O.O35 per degree at Mach number 
3,00 -to about 0.017 per degree at Ifech number 6.28. 

The variations of lift coefficient with drag coefficient, pitching- 
moment coefficient about the -wing centroid of area, and the center of 
pressure in percent body length measiored from, the nose are sho-wn in fig- 
ure 'h for the two basic configurations and for the modified trapezoidal- 
wing model. The test results for the modified triangular --wing model are 
not Included in this figure since they were approximately the same as 
those of the basic trlangular--wlng model, except for relatively small 
differences in drag coefficient as will be discussed later. In a com- 
parison of the lift and drag coefficients, it can be seen that, for a 
given lift coefficient, the triangular-wing model has a consls-fcently 
lower drag coefficient, and thus a higher lift-drag ratio, than does the 
basic trapezoidal--wing model. The corresponding curves for the modified 
trapezoidal-wing model show that, in the region of zero lift, about 40 
to 50 percent of this difference is due to the use of the more slender 
minimum-drag nose. This drag reduction due to changing the nose shape 
is of the magnitude which would be predicted by Newtonian impact theory 
(ref. 6 ) . The remainder of the drag reduction is due to the Increased 
sweep angles and decreased radii of the wing and tail leading edges of 
the triangular--wlng model. 

The static longitudinal stability of each model tends to decrease 
-with increasing Mach number as indicated by the less negative values of 
dCnj/dCx,, (See fig. ^l-.) The decreased stability is very likely due in 
part to a decrease in the effectiveness of the tail surfaces at higher 
Mach number. The possible need for additional stability at high Mach 
numbers was anticipated by the use of wedge-siiaped tail surfaces on the 
model used in the tests reported in references 1 and 2 . An alternate 
method for increasing stabill-by at high Mach numbers, with possibly less 
drag penalty and fewer structural problems, would be to flare the rear 
portion of the cylindrical afterbody, as stiggested in reference 7. 
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The vajTiations of maximum lift-drag ratio with Mach number for the 
four configurations are presented in figure 5* can be seen from this 
figure that the basic triangular-wing model has a maXlimini value of .lift- 
drag ratio about 18 to 24 percent greater than that for the basic 
trapezoldal-wlng model throiighout the range of test Mach numbers. The 
addition of the finen^s-ratio-5 mihlinM-drag nose to the trapezoidal - 
wing model Increases the maximum' lift-drag ratio about 7 'to 11 percent 
in the range of the test Mach numbers. Althou^'the drag of the modi- 
fied triangular -wing model near zero lift is approximately the same as 
that of the basic triangular-win^ model'/ as may be seen in the tabulated 
results, the drag of the modified mode'l/ exdept at a Mach number of 3-00, 
is slightly higher at the lift coefficients for which the lift -drag ratio 
is a majcimum. This characteristic results in a decrease in maixlmura' lift- 
drag ratio of about 5. percent at the highest test Mach number. Thus, at 
the higher Mach mmibex.s, the heat-transfer characteristics are improved 
at the expense of a reduction of maximum' Tift -drag ratio. 

The decrease In the maximum lift.-drag ratios of all models as the 
Mach number is increased is due primarily t'6 the Increased skin-friction 
drag- associated with, the^ decrease of test Reynolds number. For these 
tests, the effects of" skin-frictioh s'hduld be"ab"out the same for all 
models at corresponding Mach numbers aiid, therefore, should not influence 
the conqparative results, _ 


To facilitate model construction by allowing nose sections to be 
interchangeable , the afterbody length of all models was kept the same . 

As a result the models which employed minimum-drag nose sections are 2 
inches longer than the basic tfapezo'idal-wlhg' model and have correspond- 
ingly larger body vol-ume. If the volumes of the longer models were made 
the same as that of the short model by reducing the afterbody length, 
there should he a negligible change in the lift and drag characteristics 
and an in^irovement in the stability characteristics due to a rearward 
shift in the center of pressure. 

CONCLUSIONS 


The aerodynamic characteristics of four airplane-like configurations, 
which have the same wing plan-form area, tall plan-form area, aspect ratio, 
and body diameter, have been determined at Mach numbers from 3.00 to 6.28 
and at angles of attack up to 15°. From the results of these tests the 
following conclusions are; drawn; ^ . 

1. The lift characteristics of the models are about the same at each 
Mach number and, as would be expected, the lift-curve slopes decrease as 
the Mach number is Increased. 

2. The basic triangular-wing model had a greater nose fineness ratio 
and greater leading-edge sweep angles than the basic trapezoidal-wing 
model; both of these changes contrlhut ed,. su bstantial drag reductions. 
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3 . Tlie maxijmm lif^-drag ratios of tlie taslc triangular -vlng model 
are about I 8 to 2h percent higher than those of the basic trapezoidal- 
tfing model. 

h. A 1 Increase in the bluntness of the minimum-drag nose vas 
found to have a relatiTely sman effect on the aerodsmamic characteristics 
of the triangular -Tfing model at Mach number 3*00^ but resulted in a pio- 
gressive decrease in Tna.yfTTnTm lift-drag ratio with !^foch number^ so that a 
resultant decrease of about 5 percent occurred at Mach number 6.28. 

5 . The static longitudinal stability of the models tends to decrease 
as the Mach number is increased, probably due in part to a decreased 
effectiveness of the tail surfaces. 


Ames Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Moffett Field, Calif., Mar. 2h, I 955 
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TABLE I.- COORDINATES OF THE "MINIMUM-DRAG" NOSE SECTION 
[All values in inches.] 


Ahclssa 

Ordinate 

0 

0.002 

.100 

.035 

.200 

.056 

.300 

.075 

.400 

.093 

.600 

.126 

.800 

.156 

1.200 

.211 

1.600 

.260 

2.000 

.303 

2.4oO 

-343 

2,800 

.379 

3.200 

.4u 

3.600 

.440 

4.000 

.464 

4.4oo 

.483 

4.800 

.491 

5.000 

.500 
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TABLE II.- EXPERIMEHTAL EESULTS 




- 

CD 

T 

0. 




Ci. 

Ci 

1 

8. 

X 





(a 

> £rap«sold&L-vlfic «od^ 





3.00^ 

-1.0 

.0.046 

0.040 

jTiS 

0.009 

96,0 

9.09 

-2.0 

-0.049 

0.035 

^i:5o 

0 

5I.7 


0 

-.0X2 

.OM 

-.XL 

.002 

99a 


0 

-.010 

.035 

-.32 

-.002 

47.3 


1.0 

.024 

.040 

.61 

-.006 

5T.1 


2.0 

.030 

.034 

.90 

-.006 

56.1 


2.0 

.o6l 

.041 

1.49 

-.Ctt5 

57.2 


2.9 

.059 

.036 

1.56 

-.009 

55.2 



.1.34 


2.76 

-.031 

96,9 


9.0 


.042 

i.lV 

-.015 

5?-® 


6,7 


3.39 

-.093 

96,9 


7.0 

.053 


-.021 



tt.7 
10. T 

.266 

.083 

.109 

3.46 

3.39 


96.7 

96.8 


8.0 

U>,0 

J.76 

,2y> 




16.1 



-.085 


.079 


-loS 


12.7 

.142 

3.20 

-.U3 

97.1 


12.1 

.266 

.100 

-.061 

360 


«-s 


.162 

3.06 

-.121 

97.0 









14.6 

.535 

AO* 

2.90. 

-.132 

97.0 









-2.0 

-.056 

.035 

.-1.61 

.004 

53-2 

6.26 

-2,0 

-,04C 

,032 

.035 

-1.06 

-«24 

.001 

52.4 


0 

-.012 

.034 

-.37 

.001 

5*., 

4 

0 

-.009 

.001 

51.8 


1.9 

.037 

.05l^ 

1.07 

-.006 

95.6 


2.0 

.026 

.016 

.73 

.006 

V6.1 


3*1 

,066 

.037 

1.61 

-.014 

58.J 


2.9 

.045 

.036 

.042 

1.25 

-.003 

53.2 


■5.1 

.U7 

,045 

2.61 

-.021 

95.7 


4.9 

.062 

1.95 

-.006 

5:^7 


7.0 

.172 

.096 

3.06 

:X 

59.9 


6.9 

.129 

.05® 

2.42 

-.017 


6.2 

.206 

.065 

3.16 

96.2 


7.9 

.143 

.057 

2.53 

-.006 

92.9 


10.2 

.264 

.064 

3JL9 

-.05a 

96.0 


9.9 

.18? 


2.66 

■..013 



12.1 

;323 

J.07 

3.02 

-.062 

59.9 


n.s 

.246 

S.77 

♦.033 

54.6 









12.9 

,2TD 

.100 

2.70 

-.031 

5*.a 

(b) Modlfladi abdel 1 

3,00 

-I.O 

-.047 

.036 

rl,29 

.006 


9.05 

-eu) 



-l.-W 

-.003 



0 

-.ou 

.039 

-*.32 

0 

60.3 

0 

-.006 

.027 

—.31 

-.003 

52.? 


1.0 

.026 

,039 

.60 

-.007 

64.7 


2.0 

.034 

.027 

1.22 


a.4 


2.0 

.061 

X 

1.T3 

-.014 

64.2 


2.9 

.058 

.033 

l.Tb 

-.003 

61.2 


•4J. 

.136 

3J-9 

-.026 

63.7 


9.0 


.040 

2.56 

-.006 

61.1 


6.1 

.221 

.062 

.3,97 

-.043 

63.7 


7.0 

.051 

3.02 

-.QU 

61.4 


6.2 

.296 

.062 

1.65 

-.056 

63.5 


9.0 

.179 

.059 

3.04 

-.017 

61.9 


«>.7 


.106 

3.94 

-.072 

63.5 


10.0 


.016 

3.10 

-.082 

61.0 


12.6 

.144 

1.36 

-.069 

63.5 


12.1 

.296 

.098 

3.03 

-,o«9 

61.6 


1^,9 

.961 

.186 

2,9tt 

-ao3 

«3.t 









-2.0 

-.056 

.031 

-1.82 

.003 

l&.o 

6.26 

-2.0 

-.QlS 

.033 

-1.27 

“M 

97.4 


0 

-,ou 

.02|6 

-.41 

.002 

63-a 

5^ 

bO 

-J3U 

.031 

-,35 

-.ooa 

W.9 


1.9 

.038 


1.30 

-.003 

61.7 


2.0 

.029 

.032 


.003 

57.B 


.3,1 

.069 

.oaS 

2.09 

-.COLO 

62.7 


2.9 

.047 

.0^ 

.035 


.015 

5*.a 


6.0 

.US 

.nl6 

2.95 

-.013 

62.2 


4.9 

.061 

2.05 

-.OCl 

60.4 


7.0 

.177 


3.46 

-.oe6 

68.S 


6.9 

.13P. 

,053 

a.43 

-.005 

60.6 


6.2 

.217 

.063 

1.W 

-.026 

62.3 


T.9 

.149 

J>53 

2.76 

.003 

99.6 


10.4 

.277 

.066 

3.22 

-.034 

62.3 


9.9 

■M 

.064 

l:S 

.00,3 

19.8 


12.5 

.333 

.111 

3.02 

-.030 

61.7 


U.9 

.061 

-.005 

60.9 








12.9 

.273 

.092 

a. 96 

-.OU 

60.8 

(o) Trl wigtil aod«l 

3,00 

-.9 

::Si 

.029 

■i-lS 

.007 

63.6 

5,05 

•2.0 

-.049 

.026 

-1.93 

.002 

61 J 


0 

.028 

-,2S 

.002 

a. 6 


0 

-.010 

.024 

-.41 

.003 

67.3 


1.0 

.029 

-ma 

1.0^ 

-.006 

64.0 


XJO 

.Qlfl 

.cek 

.43 


53.9 


2.0 

.066 

.030 

2.14 

-.014 

64.4 


2.0 

.031 

.025 

1.25 

99.1 


Vj. 

J.40 

.05U 

3.71 

-.030 

64.6 


2.9 

.058 

.025 

2.30 

-.007 

62.7 


6.7 

-py> 

.058 

1.0« 

-.043 

64A 


9.0 

J04 

522 

3.19 

-.009 

a. 9 


S,7 

.299 

.074 

3.99 

-.059 

64.3 


7.0 

X 

3.53 

-.0L6 

62.3 


10.7 

1 

aoi 

3.69 

-JD70 

54.0 


6.0 

.050 

3-67 

..oeo 

62.4 


12,7 

.133 

3,41 

-.066 

64.0 


10.0 

,239 

.067 

3.90 

-J>29 

62.2 


13,6 

.192 

3.21 

-.065 

63.6 


12.1 

.3M 

.069 

3.38 

-.032 

62.3 


14.6 

.926 

U.73 

3.04 

-.009 

63.9 









-2.0 


.026 

-2.14 

.003 

61.2 

6.26 

-2.0 

-.041 

.030 

-1.39 

.003 

a.e 


0 

.023 

-.3? 
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Figure 2.- Dbnenskm of trianguiar-wing model. 
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Figure 4.- Aerodynamic characteristics of three test models (modified triangutar-wing model omitted). 
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